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(54) Abstract Title 

An acoustic transmission system 

(57) Acoustic communication is transmitted over an acoustic medium comprising production tubing, well 
casing or over continuous tubing in a well {e.g., coil tubing, chemical injection tubing or dewatering string). 
More specifically, the acoustic medium has an acoustic tool associated therewith, which is permanently 
located downhole with the sensors and electromechanicai* devices typically employed in a well, and an 
acoustic tool associated therewith uphole. The downhole sensors are connected to the downhole acoustic tool 
for acoustic communication. The acoustic tool includes a piezoelectric ceramic transducer (i.e., a stack of 
piezoelectric elements) or an accelerometer for transmitting or receiving acoustic signals transmitting through 
the medium. The communication includes transmitting a 1 bit value as a sweep of frequencies across a range 
and a 0 bit value as no signal transmitted. Thus reception of any signal within the range Indicates a 1 bit. 
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J\N ACOUSTIC TRANSMISSION SYSTEM 

Background of the Invention : 

The present invention relates to an acoustic system and method 
in a well. More specifically, the present invention relates to an 
acoustic system auid method for acoustic communication over an 
acoustic medium coznprising production tubing, well casing or over 
continuous tubing in a well (e.g., coil tubing, chemical injection 
tubing or dewatering string) . 

After an oil or gas well has been drilled it is completed. A 
completed hole includes a casing defining the hole with production 
tubing installed within the hole. Oil or other petrolexm products 
are extracted via the production tubing, as is well known. 
Typically, the production tubing includes sensors and 
electromechcuiical devices located downhole for control of the 
production well. The sensors monitor downhole parameters (such as 
pressure, temperature, flow, gas influx, etc.). Examples of 
electromechanical devices include, e.g., a sliding sleeve or packer, 
a valve or start/stop a pump or other fluid flow device. 

Communications uphole/downhole with the sensors and the 
electromechanical devices is generally accoznplished over a wireline, 
as is well known in the industry. Another way of communicating is 
described in U.S. Patent No. 5,283,768 (^768) assigned to the 
assignee hereof. The ^768 patent discusses acoustic telemetry in the 
completion liquid in the annular space between the casing and the 
production tubing in a production well, i.e, the completion liquid is 
the acoustic transmission medium. The acoustic transducer disclosed 
in the ^768 patent generates acoustic waves in the liquid. 



Siimmarv of the Invention : 

The above-discussed and other drawbacks and deficiencies of the 
prior art are overcome or alleviated by the acoustic transmission 
system of the present invention. In accordsuice with the present 
invention, acoustic communication is transmitted over production 
tubing (the production tubing is the acoustic trauismission medium) or 
over coil tubing in the production tubing. Preferably, a broad beoid 
communications technique is employed to ensure that any transmission 
is properly received. 

A production well (i.e., completed well) is enclosed by a 
casing with a rig at the surface and has production tubing installed 
therein. The lower end of production tubing is perforated to provide 
a path for the flow of oil from the hydrocarbon bed up the center of 
the production tubing. A packer is provided to isolate this lower 
end from the upper portion of the well. Sensors are provided to 
monitor downhole parameters (such as pressure, tezxtperatiire , flow, gas 
influx, etc.) and electromechanical devices include, e.g., a sliding 
sleeve or packer, a valve or pump or other fluid flow devices for 
control. Such sensors euid/or electromechanical devices may be 
moimted downhole in the production well itself euid/or incorporated 
into the production tiibing, as are well known. A downhole acoustic 
communication tool in accordaoice with the present invention is 
permanently deployed downhole and is provided for acoustic telemetry. 
An uphole acoustic communication tool is provided for acoustically 
communicating with the downhole tool. 

The downhole acoustic tool in accordance with a first 
embodiment, coinprises a cylindrical mandrel having rotary connections 
the ends thereof. This tool, when installed in a production well. 



2 



becomes part of the production tubing. An opening extends 
longitudinally through the mandrel permitting flow of oil or gas 
therethrough. The mandrel includes a plurality of machined cavities 
wherein the components of the tool are housed. A piezoelectric 
ceramic transducer (i.e., a stack of piezoelectric elements) is 
mounted in one of the cavities in a compressed state and in intimate 
contact with the mandrel for acoustic coupling therewith. 
Transformer coils, an electronic assembly and a battery pack assembly 
are moxinted in suiother cavity. A sleeve is coimected onto the 
mandrel by a rotary connection. The sleeve covers the cavities in 
the mandrel. A locking ring attached at another rotary connection 
and a shoulder sub are provided to secure the sleeve on the mandrel. 
The mandrel/ if disposed downhole in a production string without the 
sleeve would subject the mandrel to high stresses, whereby the 
piezoelectric stack therein would be iinloaded or over loaded 
resulting in poor acoustic coupling. The sleeve, by way of the 
rotary connections, absorbs much of these stress, whereby proper 
loading on the stack is maintained. 

In accordamce with a second embodiment, a coil tubing is 
extended down the opening of the production tubing. An uphole 
acoustic tool (e.g., an acoustic receiver, for example, an 
accelerometer) and a downhole acoustic tool (e.g., an acoustic 
transmitter, for example a piezoelectric device) are provided on coil 
tubing for acoustic telemetry in accordance with this alternate 
embodiment. It will be appreciated that two-way acoustic 
communication is within the scope of the present invention, e.g., 
piezoelectric transceivers uphole and downhole. It will further be 
appreciated that coil tubing is also employed while drilling a 
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borehole, and acoustic telemetry as described herein may be applied 
such coil tvibing. Also, the acoustic telemetry of the present 
invention, as applied to coil t\ibing, may be applied to other 
continuous tiobing strings, e.g., chemical injection tubing, a 
dewatering string euid the like. The downhole sensors are connected 
to the doitfnhole acoustic tool for acoustic CCTirounication . 

In accordance with a third embodiment, a downhole acoustic 
communication tool is provided for acoustic telemetry which is 
integral to casing. An uphole acoustic communication tool is 
provided for acoustically communicating over with the downhole tool. 

The above -discussed and other features and advantages of the 
present invention will be appreciated and understood by those skilled 
in the art from the following detailed description and drawings. 

Brief Description of the Drawings : 

Referring now to the drawings, wherein like elements are 
numbered alike in the several FIGURES: 

FIGURE 1 is a diagrammatic view depicting the 
multiwell/multizone control system of the present invention for use 
in controlling a plurality of offshore well platforms; 

FIGURE 2 is an enlarged diagrammatic view of a portion of 
FIGURE 1 depicting a selected well and selected zones in such 
selected well and a downhole control system for use therewith ; 

FIGURE 3 is an enlarged diagrammatic view of a portion of 
FIGURE 2 depicting control systems for both open hole and cased hole 
completion zones; 

FIGURE 4 is a block diagram depicting the zmiltiwell/multizone 
control system in accordance with the present invention; 
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FIGURE 5 is a block diagrsun depicting a surface control system 
for use with the multiwell/raultizone control system of the present 
invention; 

FIGXJRE 6 is a diagrammatic elevation view of a production well 
enqploying an acoustic trauismission system in accordance with the 
present invention; 

FIGURE 7 is a side view partly in cross section of the downhole 
acoustic tool of the acoustic transmission system of FIGURE 6; 

FIGURE 8 is a schematic block diagram of the downhole acoustic 
tool of FIGURE 7; 

FIGURE 9 is a schematic block diagram of the surface system of 
the acoustic transmission system of FIGURE 6; 

FIGURE 10 is a diagrammatic elevation view of a production well 
employing an acoustic transmission system in accordance with an 
alternate embodiment of the present invention; 

FIGURE 11 is a diagrammatic elevation view of a production well 
eii^loying an acoustic trsuismission system in accordance with another 
alternate embodiment of the present invention; and 

FIGURE 12 is a diagrammatic elevation view of a production well 
ezE^loying an acoustic trauismission system in accordance with still 
another alternate esibodiment of the present invention. 

Description of the Preferred Embodiment : 

Referring now to FIGURES 1 auid A, the multiwell/multizone 
monitoring auid control system of the present invention may include a 
remote central control center 10 which communicates either wirelessly 
or via telephone wires to ia plurality of well platforms 12. It will 
be appreciated that amy number of well platforms may be encompassed 



by the control system of the present invention with three platfoincis 
namely, platform l, platform 2, and platform N being shown in FIGURES 
1 and 4. Bach well platform has associated therewith a plurality of 
wells 14 which extend from each platform 12 through water 16 to the 
surface of the ocean floor 18 and then downwardly into formations 
tinder the ocean floor. It will be appreciated that while offshore 
platforms 12 have been shown in FIGUX^ 1, the group of wells 14 
associated with each platform are euialogous to groups of wells 
positioned together in an area of land; and the present invention 
therefore is also well suited for control of land based wells. 

As mentioned, each platform 12 is associated with a plurality 
of wells 14. For purposes of illustration, three wells are depicted 
as being associated with platform number 1 with each well being 
identified as well nimiber 1, well nimiber 2 and well nimiber N. As is 
known, a given well may be divided into a plurality of separate zones 
which are req[uired to isolate specific areas of a well for purposes 
of producing selected fluids, preventing blowouts and preventing 
water intake. Such zones may be positioned in a single vertical well 
such as well 19 associated with platform 2 shown in FIGURE 1 or such 
zones can result when multiple wells are linked or otherwise joined 
together. A particularly significant contemporary feature of well 
production is the drilling and completion of lateral or branch wells 
which extend from a particular primary wellbore. These lateral or 
branch wells can be completed such that each lateral well constitutes 
a separaLble zone and can be isolated for selected production. A more 
coixiplete description of wellbores containing one or more laterals 
(known as multi laterals) can be found in U.S. Patent Nos. 4,807,407, 
5,325,924 and U.S. Application Serial 08/187,277 (now U.S. Patent No. 
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5,411,082), all of the contents of each of those patents and 
applications being incorporated herein by reference. 

With reference to FIGURES 1-4, each of the wells 1, 2 and 3 
associated with platform 1 include a plurality of zones which need to 
be monitored and/or controlled for efficient production and 
management of the well fluids. For exan^le, with reference to FIGURE 
2, well nxunber 2 includes three zones, namely zone number 1, zone 
niomber 2 euid zone nimnber N. Each of zones 1, 2 and N have been 
completed in a known manner; cuid more particularly have been 
completed in the manner disclosed in aforementioned Application 
Serial No. 08/187,277. Zone number 1 has been completed using a 
known slotted liner completion, zone nimnber 2 has been completed 
using an open hole selective completion and zone number N has been 
completed using a cased hole selective completion with sliding 
sleeves. Associated with each of zones 1, 2 and N is a downhole 
control system 22. Similarly, associated with each well platform 1, 
2 and N is a surface control system 24. 

As discussed, the mil tiwell/multi zone control system of the 
present invention is con^rised of multiple downhole electronically 
controlled electromechanical devices and multiple computer based 
surface systems operated form multiple locations. 

An important function of these systems is to predict the future flow 
profile of multiple wells and monitor and control the fluid or gas 
flow from the formation into the wellbore and from .the wellbore into 
the surface. The system is also caped>le of receiving and 
transmitting data from multiple locations such as inside the 
borehole, and to or from other platforms l, 2 or N or from a location 
away from any well site such as central control center 10. 
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The downhole control systems 22 will interface to the surface 
system 24 using a wireless communication system or through an 
electrical wire (i.e., hardwired) connection. The downhole systems 
in the wellbore can trcuismit and receive data and/or commands to or 
from the surface and/or to or from other devices in the borehole. 
Referring now to FIGURE 5, the surface system 24 is coniposed of a 
computer system 30 used for processing, storing and displaying the 
information acq[uired downhole and interfacing with the operator. 
Computer system 30 may be comprised of a personal coniputer or a work 
station with a processor board, short term cuid long term storage 
media, video euid sound capabilities as is well know. Coznputer 
control 30 is powered by power soiirce 32 for providing energy 
necessary to operate the surface system 24 as well as any downhole 
system 22 if the interface is accomplished using a wire or cable. 
Power will be regulated and converted to the appropriate values 
required to operate any surface sensors (as well as a downhole system 
if a wire connection between surface eUid downhole is available) . 

A surface to borehole transceiver 34 is used for sending data 
downhole and for receiving the information transmitted from inside 
the wellbore to the surface. The transceiver converts the pulses 
received from downhole into signals con^atible with the surface 
coznputer system and converts signals from the computer 30 to an 
appropriate communications means for communicating downhole to 
downhole control system 22 . Communications downhole xiiay be effected 
by a variety of known methods including hardwiring and wireless 
communications technic[ues. A preferred technicpie transmits acoustic 
signals down a ti:ibing string such as production tiibing string 38 (see 
FIGURE 2) or coiled tubing. Acoustical communication may include 
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variations of signal frequencies, specific frequencies, or codes or 
acoustical signals or coznbinations of these. The acoustical 
transmission media may include the tubing string as illustrated in 
U.S. Patent Nos. 4,375,239; 4,347,900 or 4,378,850, all of which are 
incorporated herein by reference. Alternatively, the acoustical 
trauismission may be transmitted through the casing stream, electrical 
line, slick line, siabterranean soil around the well, tubing fluid or 
annulus fluid. The transmission medixim where the acoustic signal 
will travel in the borehole ceui be production tubing or coil tubing. 

Referring to FIGURE 6, a production well (i.e., completed well) 
110 enclosed by a casing 112 with a rig 114 at the surface is 
generally shown, such being well known in the art. Production tubing 
116 is installed in well 110, also as is well known. The lower end 
of production tubing 116 is perforated to provide a path for the flow 
of oil from the hydrocarbon bed up the center of the production 
tubing- A packer 118 is provided to isolate this lower end from the 
upper portion of the well. Sensors 120 are provided to monitor 
downhole parauneters (such as pressure, temperature, flow, gas inflxix, 
etc.) cuid electromechanical devices 122 include, e.g., a sliding 
sleeve or packer, a valve or puxnp or other fluid flow devices for 
control . Such sensors and/or electromechanical devices may be 
mounted downhole in the production well itself and/or incorporated 
into the production tubing, as are well known. A downhole acoustic 
communication tool 124 in accordance with the present invention is 
provided for acoustic telemetry. Acoustic tool 124 is constructed to 
operate over depths, pressures and temperatures commonly found in a 
downhole environment. An uphole acoustic communication tool 125 is 
provided for acoustically communicating with downhole tool 124, and 
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may a similar type tool. 

Referring to FIGURE 7, acoustic tool 124 comprises a 
cylindrical mandrel 126 having a male rotary connection 128 at one 
end thereof and a female rotary connection 130 at the other end 
thereof. Tool 124, when installed in a production well, becomes part 
of the production tiibing 116. An opening or channel 132 extends 
longitudinally through memdrel 126 permitting flow of oil or gas 
therethrough. lO^ndrel 126 includes a plurality of machined cavities 
134 and 136 wherein the coirponents of the tool are housed. A 
piezoelectric ceramic transducer (i.e., a stack of piezoelectric 
elements) 138 is mounted in cavity 134 in a compressed state and in 
intimate contact with the mandrel for acoustic coupling therewith. 
Transformer coils 140, an electronic assembly (i.e., a printed 
circuit board) 142 and a battery pack assembly (preferably a pair of 
battery packs) 144 are mounted in cavity 136. It will be appreciated 
tliat the above described arrangement is only exemplary and the 
components of the tool can be housed in any nuxhber of cavities, e.g., 
each component could be mounted in a separate cavity. In the present 
example, coils 140 and circuit board 142 are connected to transducer 
138 by wires that pass through a passageway (not shown) in the 
mandrel. Transformer coils 140, circuit board 142 and battery packs 
144 are interconnected by wires (not shown) in cavity 136, and are 
coxmected to other tools in the production tubing by means of 
connectors 146 which are hard wired to the other tools through 
passageways, such being well known in the art, see, e.g., U.S. Patent 
No. 5,144,126 , entitled Apparatus For Nuclear Logging Employing Sub 
Wall Mounted Detectors and Electronics and Modular Connector 
Assemblies, assigned to the assignee hereof and which is expressly 
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incorporated herein by reference. Further, other means of 
interconnecting tools, as many are well known, may be employed, A 
sleeve 148 is connected onto mandrel 126 by a rotary connection 151, 
Sleeve 148 covers cavities 134 and 136- A plurality of O-rings 150 
are mounted within corresponding recesses in mandrel 126 and provide 
a seal between sleeve 148 and mandrel 126, thereby protecting the 
components of the tool from the harsh downhole environment. A 
locking ring 152 attached at rotary connection 153 and a shoulder sub 
154 are provided to secure sleeve 148 on mandrel 126 . MSuadrel 126 if 
disposed downhole in a production string without sleeve 148 would 
subject the mandrel to high Btxesses, whereby stack 138 therein would 
be unloaded or over loaded resulting in poor acoustic coupling. 
Sleeve 148, by way of connections 151 and 153, aOssorbs much of these 
stress, whereby proper loading on the stack is maintained. 

The piezoelectric stack 138 may be comprises of any of several 
known materials including piezoelectric crystalline materials or a 
suitcible ferroelectric ceramic material such as lead zirconium 
titanate (PZT) . Such known materials generate an electrical signal 
once a mechanical force such as vibration or stress is exerted onto 
the stack and exert a mechanical force when em electrical signal is 
applied to the stack. 

Battery pack assembly 144 preferably comprises a dual battery 
pack which may be connected in series or parallel or one of the packs 
provides the downhole electrical power while the other pack is being 
recharged. The battery described herein is preferably a battery that 
has the ability to operate at high temperatures (above 175^ C) , has a 
long operating life (as much as five years) , is small in size (for 
exeunple sized or otherwise adapted to fit within an envelope of 1" in 
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diameter) , has the ability for continuous discharge for 
instrvimentation in microprocessors (10 millian^eres) , has the ability 
for periodic discharge for communications equipment (15 millieunperes 
per minute at 2% duty cycle) , has the eJ3ility for a minimum of. 100 
recharging cycles from external power sources as a generator, and 
includes high energy density and excellent self -discharge 
characteristics. Preferably, the battery coxnprises a solid lithium- 
metal polymer electrolyte secondary battery of the type described in 
the paper entitled ^Large Lithium Polymer Battery Development : The 
Immobile Solvent Concept", M. Gauthier et al, the entire contents of 
which is incorporated herein by reference. Batteries of this type 
are also disclosed in U.S. Patent Nos. 4,357,401; 4^-578,32.6 and 
4,758,483 all of the contents of which are incorporated herein by 
reference. It is believed that such lithixim polymer battery cells 
are preferred over other battery technology such as nickel cadmium or 
lead acid due to the higher energy density, smaller size and better 
self discharge characteristics of the lithixim polymer batteries. 
Still cuiother battery which is believed to be especially useful in 
the present invention are those rechargeaJale batteries available from 
Duracell inc. of Bethel, Connecticut which incorporate therein an 
integrated circuit chip for extending and/or optimizing the battery 
life, providing high energy density, high power and a wide 
temperature rauxge for performance. Such batteries are sold by 
Duracell Inc. under the trade names DR15, DR17, DR30, DR35 and DR36. 

Referring to FIGUI^ 8, the electronics assembly comprises a 
data acquisition and control circuit 160 which pre-processes data 
from the sensors 120, digitizes the pre-processed data, and process 
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the data for transmission to the surface. The data acquisition cuid 
control circuit 160 is preferably a microprocessor based system 
(e.g., 32 KHz based processor system) . Further, by way of example, 
the data acquisition circuit satisfies the following specifications: 
seunple rate, 100 samples per second; channels, 8 euialog chamnels and 
1 frequency channel; and power consumption, 10 milliamps ® 5V. The 
electronics assembly preferably includes nonvolatile memory (e.g., 64 
KB) euid 1 MB of RAM memory for storage of downhole software and the 
acquired data in the production well. Data signals to be transmitted 
to the surface are transmitted via acoustic telemetry (which includes 
both pulse mode and continuous wave transmission schemes) . Acoustic 
telemetry is preferably at a data baud rate of at least 0 . 5 bits per 
second. A signal for transmission is stepped up in voltage by a step 
up voltage regulator 162 and the transformer to a voltage sufficient 
to cause the stack to induce an acoustic signal (e.g., an elastic 
wave which has an extensional motion along the axis of the production 
tubing /maj:idrel) in the mandrel which permeates uphole through the 
production tubing where it is detected at the surface. It will be 
appreciated that the batteries can be connected in series to increase 
the operating voltage or in parallel to provide a greater drive 
current. By way of example, 200 xnilliaxrps ® 50V is required to drive 
the transducer. 

"Hie stack 138 is also used for receiving acoustic data signals 
transmitted from the sxirface, whereby an acoustic signal (e.g., an 
elastic wave, which has an extensional motion along the axis of the 
production tubing) which permeates downhole through the production 
tubing euid imparts stresses and tension on the stack resulting in an 
electronic signal. This signal is an^lified by an axnplifier 166 axid 
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then processed by the data acquisition and control circuit 160 to 
request information and/or to generate command/control sigxials for 
the sensors 120 euid the electromechanical devices 122. It will be 
appreciated that the entire stack may not be required for receiving 
acoustic signals. 

Referring to FIGURE 9, at the surface, a computer 170 (e.g., a 
personal computer having 2 serial/ l parallel port, 8 14Bytes of RAM 
and 250 MB of disk space) loaded with software «uid data acquisition 
and processing downhole modules 172 are employed. The software 
performs the control functions rec[uired for the transfer of data from 
the data acquisition module to the processor module and performs the 
data processing and background routines to assure that all tasks are 
executed in the proper priority secjuence (e.g., decoding, display, 
and storage) . Further, by way of exsunple, the data acquisition 
module satisfies the following specifications: sample rate, 1 Kilo 
samples per second; channels, 8 ainalog channels, 4 digital channels 
and 1 frequency channel; and power consiomption, 10 milliaitips ® 5V. 
Surface. The software will also control the data exchange between 
the system and the operator (e.g., entering of the proper data 
processing parameters into the computer by the operator) . The data 
acc[uisition and processing downhole modules 172 acquire the acoustic 
data transmitted from downhole using an acoustic transceiver 174, 
process the received data, utilizes the information to control 
operation of the production well, and/ or display the information to 
an operator at the surface or platform. The data acquisition and 
processing downhole modules 172 also generates command signals which 
are transmitted downhole by acoustic transducer 174. Surface 
equipment further includes a phone or satellite based modem (e.g., a 
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modem having a baud rate of 28.4 KBits per second) for transferring 
data between the production well site and a remote facility using 
phone lines, and/or satellite commimication. 

It will be appreciated that the use of the production tubing 
itself as the mediuun for acoustic telemetry is eui important feature 
of the present invention. 

The downhole acoustic telemetry of the present invention 
provides many features and advantages relative to the prior art. An 
important feature said advantage is that the present invention 
provides no obstructions within the production tubing. That is, the 
present invention provides acoustic telemetry while simultaneously 
maintaining production tubing obstruction free such that devices 
including coil tubing may be delivered through the production tubing 
without interruption. Further, while two-way acoustic communication 
is described above, one-way commiinication made be employed. 

Referring to FIGURE 10, a production well (i.e., completed 
well) 110' enclosed by a casing 112' with a rig 114' at the sxirface 
is generally shown, such being well known in the art. Production 
txibing 116' is installed in well 110', also as is well known. The 
lower end of production tubing 116' is perforated to provide a path 
for the flow of oil from the hydrocarbon bed up the center of the 
production tubing. A packer 118' is provided to isolate this lower 
end from the upper portion of the well. Sensors 120' are provided to 
monitor downhole parauaeters (such as pressure, temperature, flow, gas 
influx, etc.) aoid electromechanical devices 122' include, e.g., a 
sliding sleeve or packer, a valve or puntp or other fluid flow devices 
for control. A coil tubing 200 is extended down the opening of the 
production tubing as is well known in the art. An uphole acoustic 
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tool 202 (e.g.f an acoustic receiver, for example, an accelerometer) 
and a dovmliole acoustic tool 204 (e.g., an acoustic transmitter, for 
example a piezoelectric device) are provided on coil t\ibing 200 for 
acoustic telemetry in accordeuice with this alternate embodiment. It 
will be appreciated that two-way acoustic communication is within the 
scope of the present invention, e.g., piezoelectric transceivers 
uphole and downhole. It will further be appreciated that coil tubing 
is also employed while drilling a borehole, and acoustic telemetry as 
described herein may be applied such coil tubing. Also, the acoustic 
telemetry of the present invention, as applied to coil tubing, may be 
applied to other continuous tubing strings, e.g., chemical injection 
tubing, a dewatering string and the like. Sensors 206 are also 
provided downhole on coil tubing 200 or in the production well or 
production tiibing, as is also well known in the art. Sensors 206 are 
connected to acoustic tool 204 for telemetry uphole. 

As described in the earlier emboddLment, at the surface a 
COTiputer loaded with software and a data acquisition and processing 
downhole modules are employed. The software performs the control 
functions required for the transfer of data from the data acquisition 
module to the processor module and performs the data processing and 
background routines to assure tliat all tasks are executed in the 
proper priority se<iuence (e.g., decoding, display, and storage). 
Surface equipment further includes a phone or satellite based modem 
for transferring data between the production well site and a remote 
facility using phone lines, and/or satellite communication. 

The use of the coil tubing itself as the mediimi for acoustic 
telemetry is an important feature of the present invention. 

Referring to FIGURE 11, a production well (i.e., completed 
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well) 110" enclosed by a casing 112" with a rig 114" at the surface 
is generally shown, such being well known in the art. Production 
tiibing 116" is installed in well 110", also as is well known. The 
lower end of production tiibing 116" is perforated to provide a path 
for the flow of oil from the hydrocarbon bed up the center of the 
production tubing. A packer 118" is provided to isolate this lower 
end from the upper portion of the well. Sensors 120" are provided to 
monitor downhole parameters (such as pressure, temperature, flow, gas 
influx, etc.) and electromechanical devices 122" include, e.g., a 
sliding sleeve or packer, a valve or pump or other fluid flow devices 
for control. Such sensors and/ or electromechanical devices may be 
mounted downhole in the production well itself smd/or incorporated 
into the production tubing, as are well known. A downhole acoustic 
communication tool 220 in accordeuice with an alternate embodiment of 
the present invention is provided for acoustic telemetry. Acoustic 
tool 220 is integral to casing 112" and is constructed to operate 
over depths, pressures cuid temperatures commonly found in a downhole 
environment. Acoustic tool 220 similar to tool 124 (FIGURE 7) with 
the exception that the rotary connections are attached to the casing 
whereby the tool forms a part of the casing with the opening 
therethrough forming part of the completed well. An uphole acoustic 
communication tool 221 is provided for acoustically communicating 
with downhole tool 220, and may a similar type tool. 

The use of the casing itself as the medium for acoustic 
telemetry is an important feature of the present invention. 

Referring to FIGURE 12, a production well (i.e., completed 
well) 110' ' * enclosed by a casing 112' ' * with a rig. 114' ' * at the 
surface is generally shown, such being well known in the art. 
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Production ttibing 116''^ is installed in well 110''^, also as is well 
known. The lower end of production ttabing 116''* is perforated to 
provide a path for the flow of oil from the hydrocarbon bed up the 
center of the production tubing. A packer 118''* is provided to 
isolate this lower end from the upper portion of the well. Sensors 
120' ' * are provided to monitor downhole parameters (such as pressure, 
temperature, flow, gas influx, etc.) and electromechanical devices 
122''* include, e.g., a sliding sleeve or packer, a valve or pump or 
other fluid flow devices for control. Such sensors and/or 
electromechanical devices may be mounted downhole in the production 
well itself and/or incorporated into the production tubing, as are 
well known. A downhole acoustic communication tool 222 in accordance 
with eui alternate embodiment of the present invention is provided for 
acoustic telemetry. Acoustic tool 222 is coupled to casing 112''*, 
coupling of tools to the casing being well known in the art, and is 
constructed depths, pressures and temperatures commonly found in a 
downhole environment. Acoustic tool 222 is similar to tool 24 
(FIGURE 7) with the exception of the coupling to the casing whereby 
the opening through the tool forming part of the completed well. An 
uphole acoustic communication tool 223 is provided for acoustically 
communicating with downhole tool 222, and may a similar type tool. 

Another importauit feature of the acoustic transmission system 
of the present invention is that such system is deployed permanently 
downhole and used in connection with a permanently deployed downhole 
control and monitoring system for controlling and monitoring the 
production of fluids in a well. The use of such a permanently 
deployed acoustic transmission system (as well as a permanently 
deployed downhole sensor and/ox a permamently deployed downhole 
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control and monitoring system) as used in the present invention is in 
distinct contrast to either conventional downhole sensors or 
conventional downhole control and monitoring systems (which may also 
utilize acoustic transmission systems) such as that described in the 
background section of the instant application, and which include the 
drill stem testing prior art disclosed in for exainple, the ^168 
patent to Upchurch, the *112 patent to Schulz euid U.S. Patent 
5,253,937 to Schulz et al. It will be appreciated that the drill 
stem testing devices disclosed in the aforementioned prior art are 
used only on a tenqporairy or semi -permanent basis for testing the 
well, that is, for determining optimum production rates. In no way 
does this prior art disclose a method or apparatus for acoustic 
transmission of data on a permanent basis, or the use of 3Ln acoustic 
transmission system which is deployed in connection with a 
permanently deployed downhole sensor or downhole control and 
monitoring system. Indeed, the present invention represents a 
significant advance in the art and describes a new generation of 
control and monitoring systems for production wells. No longer will 
human intervention on a production well be required on a continuing 
basis leading to enormous costs, lost time and lower production 
efficiencies. Similarly, no longer will well production efficiency 
be deleteriously affected due to the addition of water and other 
contaminauits as the intelligent suid downhole control system of this 
invention (as used in connection with a permanently deployed acoustic 
transmission system) , will identify problems before they occur and 
allow for a solution to such problems without an interruption in the 
well efficiency or production. Thus, an ixnportauat feature of 
Applicants' invention is that the acoustic transmission system be 
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permanently disposed downhole for transmission to. the surface and a 
permanently disposed downhole sensor and/or a permanently deployed 
downhole control and monitoring system. 

Yet euiother important feature of the present invention is the 
use of a broadbeuid communications technique for acoustic transmission 
of signals. It will be appreciated that acoustic, wave c omm unications 
from the surface or downhole through a downhole medium such as an 
production tubing, (i.e., steel tubing), or casing or coil tubing 
will have different resistances (attenuations) depending on the 
length of the tubing, casing or coil. Each section of tubing, casing 
or coil changes the impedance thereof causing some frequencies to 
travel without attenixation through the tiibing, casing or coil while 
other frequencies will be so attenuated that such frequencies will be 
prevented from reaching the surface (or downhole as the case may be) . 
In an attezx^t to deal with attenuation problems of this type, prior 
art systems such as disclosed in aforementioned U.S: Patent 5,293,937 
utilize costly repeaters and centralizers to overcome this problem. 
There are serious drawbacks and deficiencies however to the use of 
repeaters and centralizers, one of which is that such equipment 
causes the acoustic telemetry system to be extremely escpensive. 
Moreover, the use of centralizers (which in effect allows the 
telemetry system to float within the well) is not suit£d>le for a 
downhole production well due to the weight of the centralizers. 

In accordance with the broadband transmission technique of the 
present invention, the costly repeaters (and centralizers) associated 
with the prior art are eliminated. In accordance with this method, a 
range of frequencies which can travel through the tiibing (or casing 
or coil) are transmitted to the surface (or downhole) . In other 
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words, a sweep is made of the frequencies of interest over a period 
of time for transmission through the tubing or the like. This 
creates a digital code or bit. That is, each sweep of frec[uencies 
constitutes a bit of information and a complete message is then 
transmitted over a period of time. Since all of the frequencies 
contain all of the information being transmitted, and since at least 
one of the frequencies will ultimately reach the surface (or 
downhole) , then the information intended to be transmitted will 
definitively be transmitted. Thxis, it does not matter which of the 
frequencies ultimately reach the destination of transmission since 
any of the frequencies which are detected at the surface (or 
downhole) over the specific period of time will be processed as a bit 
of information and will provide the intended communication. This 
broadband transmission technique for communication will therefore 
guarantee that the information will be received at the destination 
regardless of attenuation characteristics of the tubing (or casing or 
coil) and without the need for costly repeaters as in the prior art. 

The acoustic data trauisitiitted using the above-described 
broadbauid transmission technique will be transmitted using the 
digital commimications system described above and pref eradsly involves 
sending a single command into, or up from, the wellbore. Preferably, 
the acoustic data will be a chirp (bit = 1) or no chirp (bit =^ 0) . 
In one embodiment, a chirp will be an increasing frequency such as 
from 1145 Hz to 1250 Hz. Also preferably, the acoustic data will be 
transmitted in a format which includes a preamble word block and a 
data word block or blocks. In one embodiment, each block will 
consist of 11 bits, a start bit, 8 data bits, an Odd Parity bit, and, 
a Stop bit. The data bits are arranged with the MSB first and LSB 
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last. For example, if the data consists of a precunble of 55h and two 

words of data, IFh and 38h, the start and stop bits are l and the 

data transmitted would look as follows: 

PREAMBLE DATA DATA 

SD DDDDDDD PSS DDDDDDDD PSS DDDDDDDD PS 

and the ones and zeros sent would be 

1 01010101 Oil 00011111 111 00111000 1 1 

where each chirp (sweep up) = 1, and no chirp- = 0 

While preferred embodiments have been shown auid described, 
various modifications and substitutions may be made thereto without 
departing from the spirit and scope of the invention. Accordingly, 
it is to be understood that the present invention has been described 
by way of illustrations and not limitation. 
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CIAIMS: 



1. In a production well for producing petroleum fluids, the 
production well including production txibing rxmning from tlie surface 
downhole to a production zone, the iinprovenient con^rising: 

a downhole acoustic comnnmications device permanently deployed 
downhole for transmitting or receiving acoustic signals using a 
plurality of longitudinal elements in a production well as the 
transmission medium, said acoustic signal being transmitted using a 
broadband communications technique wherein information to be 
transmitted is transiaitted using a sweep of selected frequencies over 
a period of time which creates a digital code wherein each of said 
selected frequencies includes the information to be transmitted. 

2 . The production well of Claim 1 wherein said plurality of 
longitudinal elements comprise production tubing. 

3 . The production well of Claim 1 wherein said plurality of 
longitudinal elements con^rise production well casing. 

4. The production well of suiy preceding claim wherein said 
acoustic transceiver comprises: 

a stack of piezoelectric elements. 

5. The production well of Claim 4 wherein said acoustic device 
comprises : 

a processing circiiit for generating transmit electrical signals 
for driving said piezoelectric elements and for processing receive 
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electrical signals generated by said piezoelectric elements to 
receive acoustic signals. 

6. The production well of Claim 5 wherein said processing circuit 
conrprises : 

a data acquisition and control circuit for processing data or 
coEcqxiands to be treUismitted and generating said trauismit electrical 
signals; 

a step up voltage regulator for stepping up the voltage of said 
transmit electrical signals to generate stepped up transmit 
electrical signals and applying said stepped up electrical voltage 
signals to said piezoelectric elements; and 

a voltage amplifier for amplifying said receive electric 
signals and presenting said receive electric signals to said data 
acquisition and control circuit for processing data or commands 
received. 

7. The production well of Claim 6 wherein said data acquisition 
and control circuit comprises a microprocessor. 

8. A production well for producing petrolexam fluids comprising: 
production tubing running from the surface downhole to a 

production zone; 

at least one downhole sensor associated with said production 
t\ibing or said production well; 

a downhole acoustic device permanently deployed downhole for 
transmitting or receiving acoustic signals using the production 
tubing as the transmission medium, said downhole acoustic device in 
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commiiiiication with said downhole sensor; and 

an uphole acoustic device for transmitting or receiving 
acoustic signals associated with said dowiihole acoustic device using 
the production tubing as the transmission medium; 

said acoustic signal being transmitted using a broadband 
commimications techniG[ue wherein information to be trsuismitted is 
transmitted using a sweep of selected frequencies over a period of 
time which creates a digital code wherein each of said selected 
freq[uencies includes the information to be transmitted. 

9. The production well of Claim 8 wherein: 

said downhole acoustic device comprises a downhole processing 
circuit for generating downhole transmit electrical signals in 
response to signals received from said downhole sensor, said downhole 
transmit electrical signals for driving said downhole acoustic 
device, said downhole processing circuit for processing downhole 
receive electrical signals generated by said downhole acoustic device 
from received acoustic signals, said downhole receive electrical 
signals presented to said downhole sensor; auid 

said uphole acoustic device comprises an uphole processing 
circuit for generating uphole transmit electrical signals, said 
uphole transmit electrical signals for driving said uphole acoustic 
device, said uphole processing circuit for processing uphole receive 
electrical signals generated by said uphole acoustic device from 
received acoustic signals. 

10. The production well of Claim 9 wherein: 
said downhole processing circuit comprises. 
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a data acquisition and control circuit for processing data or 
commands from said downlxole sensor to generate said domiliole transmit 
electrical signals, 

a step up voltage regulator for stepping up the voltage of said 
downhole transmit electrical signals to generate ste]^ed up transmit 
electrical signals and applying said stepped up electrical voltage 
signals to said downhole acoustic device, and 

a voltage anplif ier for anqplifying said receive electrical 
signals and presenting said receive electric signals to said data 
accjuisition and control circuit for processing data or commands 
received at said domitiole acoustic device; and 

said uphole processing circuit congprises, 

a data accjuisition and processing circuit receptive to said 
uphole receive electrical signals for processing data or comotnands 
received, and 

a computer having memory for storing programs for processing 
data commands from said data acquisition and processing circuit, said 
conqputer for generating data or commands to be processed by said data 
acquisition and processing circuit for generating said uphole 
trauismit electrical signals. 

11. The production well of Claim 10 wherein said data acquisition 
and control circuit conqprises a microprocessor. 

12 . The production well of any one of Claims 9 to 11 wherein said 
downhole acoustic device coit^rises: 

a mandrel having at least one cavity formed therein, said 
mandrel having an opening longitudinally therethrough and having 
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opposing ends for connection to said production tu]3ing, whereby said 
acoustic tool forms part of said production tubing; 

a piezoelectric transducer disposed within said at least one 
cavity wherein acoustic signals are coupled between said transducer 
and said mandrel; 

an electronic assembly disposed within said at least one cavity 
for interfacing with said piezoelectric transducer; and 

a sleeve disposed on said mandrel for covering said at least 
one cavity. 

13. The production tool of Claim 12 further comprising: 

a battery pack disposed within said at least one cavity, said 
battery pack connected to said electronic assembly. 

14. The production tool of Claim 12 further comprising: 
transformer coils disposed within said at least one cavity and 

connected to said piezoelectric treinsducer. 

15. A production well for producing petroleum fluids comprising: 
casing running from the surface downhole to a production zone; 
at least one downhole sensor associated with said casing; 

a downhole acoustic device perxiieuiently deployed downhole for 
transmitting or receiving acoustic signals using the casing as the 
transmission medium, said downhole acoustic device in communication 
with said downhole sensor; and 

an uphole acoustic device for transmitting or receiving 
acoustic signals associated with said downhole acoustic device using 
the casing as the transmission medium , said acoustic signal being 
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transmitted using a broadband communications technique wherein 
information to be trauismitted is transmitted using a sweep of 
selected f rec[uencies over a period of time which creates a digital 
code wherein each of said selected frequencies includes the 
information to be trauismitted. 

16. The production well of Claim 15 wherein: 

said downhole acoustic device comprises a downhole processing 
circuit for generating downhole transmit electrical signals in 
response to signals received from said downhole sensor, said downhole 
transmit electrical signals for driving said downhole acoustic 
device, said downhole processing circuit for processing downhole 
receive electrical signals generated by said downhole acoustic device 
from received acoustic signals, said downhole receive electrical 
signals presented to said downhole sensor; and 

said uphole acoustic device comprises an uphole processing 
circuit for generating uphole transmit electrical signals, said 
uphole transmit electrical signals for driving said uphole acoustic 
device, said uphole processing circuit for processing uphole receive 
electrical signals generated by said uphole acoustic device from 
received acoustic signals. 

17. The production well of Claim 16 wherein: 
said downhole processing circuit coinprises, 

a data acquisition and control circuit for processing data or 
commands from said downhole sensor to generate said downhole trauismit 
electrical signals, 

a step up voltage regulator for stepping up the voltage of said 
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downhole transmit electrical signals to generate stepped up tremsmit 
electrical signals and applying said stepped up electrical voltage 
signals to said downhole acoustic device, and 

a voltage amplifier for amplifying said receive electrical 
signals and presenting said receive electric signals to said data 
acquisition and control circuit for processing data or commands 
received at said dowihole acoustic device; and 

said uphole processing circuit comprises, 

a data acquisition and processing circuit receptive to said 
uphole receive electrical signals for processing data or commands 
received, and 

a computer having memory for storing programs for processing 
data commands from said data accjuisition and processing circuit, said 
computer for generating data or commands to be processed by said data 
acc[uisition and processing circuit for generating said uphole 
transmit electrical signals. 

18. The production well of Claim 17 wherein said data acquisition 
cuid control circuit comprises a microprocessor. 

19. The production well of euiy one of claims 15 to 18 wherein said 
downhole acoustic device comprises : 

a mandrel having at least one cavity formed therein, said 
mandrel having an opening longitudinally therethrough and associated 
with said casing; 

a piezoelectric transducer disposed within said at least one 
cavity wherein acoustic signals are coupled between said transducer 
and said mandrel; 
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an electronic assembly disposed within said at least one cavity 
£or interfacing with said piezoelectric transducer; and 

a sleeve disposed on said meuidrel for covering said at least 
one cavity. 

20. The acoustic tool of Claim 19 wherein said mandrel is connected 
to said casing to be integral therewith. 

21. The acoustic tool of Claim 19 wherein said meindrel is coupled 
to said casing. 

22. In a well, the well including continuous tubing running from 
the surface downhole, the improvement ccanprising: 

a downhole acoustic communications device permanently deployed 
downhole for transmitting or receiving acoustic signals using the 
continuous tubing as the transmission medium , said acoustic signal 
being transmitted using a broadband communications technique wherein 
information to be trsmsmitted is transmitted using a sweep of 
selected frequencies over a period of time which creates a digital 
code wherein each of said selected frequencies includes the 
information to be transmitted. 

23. The well of Claim 22 wherein said continuous tubing comprises 
coil tubing . 

24. The well of Claim 22 wherein said continuous tubing comprises 
chemical injection tubing. 
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25. The well of Claxzn 22 wherein said continuous tubing comprises 
dewatering tiibing. 
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